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[Title of the Invention] PRODUCTION OF LIQUID CRYSTAL

DISPLAY ELEMENT AND APPARATUS FOR PRODUCING LIQUID

CRYSTAL DISPLAY ELEMENT

[Abstract]

[Object] to make it possible to rapidly produce a high

polymer dispersion type liquid crystal display element

without the occurrence of unequalness and air bubbles and to

produce with good reproducibility.

[Solving Means] Transport electrodes 3, 4 are formed on

the opposite surfaces of a pair of substrates 1, 2 at least

one of which has translucency. Sealing material 7, 8 are

applied on a pair of these substrates 1, 2 in the state of

providing at least either thereof with a discharge port 11.

Spacers 9 are fixed and arranged on at least one opposite

surface of a pair of the substrates 1, 2. Composition 10 of

a liquid crystal material and a photopolymerizable resin

material is dropped on one of a pair of the substrates 1, 2

and a pair of the substrates 1, 2 is superposed on each

other. The substrate 2 having the translucency is irradiated

with light in the state of pressing the substrates 1, 2 in

such a manner that the composition 10 is diffused over the

entire part between a pair of the substrates 1, 2 to thereby

cause the phase separation of the liquid crystals and resin

of the composition 10. The excess composition discharged
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from the discharge port 11 is removed and the discharge port

11 is sealed.

[Claims]

[Claim 1] A method of producing liquid crystal display

element, comprising: fixing and arranging a spacer on at

least one opposite surface of a pair of substrates at least

one of which has translucency ; dropping composition of a

liquid crystal material and a photopolymerizable resin

material on said one of a pair of substrates ; superposing a

pair of substrates without sealing part; irradiating the

substrate having translucency with light in the state of

pressing the substrates in such a manner the composition is

diffused over the entire part between a pair of the

substrates to thereby cause the phase separation of the

liquid crystals and resin of the composition.

[Claim 2] A method of producing liquid crystal display

element, comprising: applying sealing material on a pair of

substrates in the state of providing at least either thereof

with a discharge port; fixing and arranging a spacer on at

least one opposite surface of a pair of substrates at least

one of which has translucency; dropping composition of a

liquid crystal material and a photopolymerizable resin

material on said one of a pair of substrates ; superposing a

pair of substrates; irradiating the substrate having

translucency with light in the state of pressing the
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substrates in such a manner the composition is diffused over

the entire part between a pair of the substrates to thereby

cause the phase separation of the liquid crystals and resin

of the composition.

[Claim 3] The method according to Claim 2, wherein

sealing material is photopolymerizable resin material.

[Claim 4] The method according to Claim 2 or 3, wherein

sealing material is applied in the state of providing the

peripheral part of the opposite surfaces of a pair of

substrates, the composition is dropped on one side of a pair

of substrates which is an opposite side of the discharge

port and provided with sealing material.

[Claim 5] The method according to Claim 2 or 3, wherein

sealing material is applied on each peripheral part of the

opposite surfaces of a pair of rectangular substrates, the

discharge port is provided on the sealing material of each

peripheral part, and the composition is dropped on the

almost center of one side of a pair of the substrates.

[Claim 6] The method according to Claim 2, 3, 4 or 5,

wherein sealing material is two-fold.

[Claim 7] A method of producing liquid crystal display

element, comprising: fixing and arranging a spacer on at

least one opposite surface of a pair of substrates at least

one of which has translucency ; dropping composition of a

liquid crystal material and a photopolymerizable resin
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material on said one of a pair of substrates ; superposing a

pair of substrates with adjusting the position of a pair of

the substrates by position adjusting means; irradiating the

substrate having translucency with light in the state of

pressing the substrates in such a manner the composition is

diffused over the entire part between a pair of the

substrates to thereby cause the phase separation of the

liquid crystals and resin of the composition.

[Claim 8] The method according to Claim 1, 2, 3, 4, 5, 6,

or 7, wherein the substrates are heated and are cooled down

to its original temperature, and then light irradiation is

performed when pressing the substrates.

[Claim 9] The method according to Claim 1, 2, 3, 4, 5, 6,

1 or 8, wherein the light having the wavelength larger than

lOOOnm and the light having the wavelength smaller than

300nm among the light irradiating the substrates are 1% or

below in the intensity.

[Claim 10] An apparatus for producing liquid crystal

display element by irradiating with light the substrate

having translucency of a panel which is made by applying

sealing material on a pair of substrates in the state of

providing at least either thereof with a discharge port,

fixing and arranging a spacer on at least one opposite

surface of a pair of substrates at least one of which has

translucency, dropping composition of a liquid crystal
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material and a photopolymerizable resin material on said one

of a pair of substrates, and superposing a pair of

substrates, comprising

:

panel fixing die for fixing the panel by interposing

buffing material;

light diffusion medium provided on the substrate having

translucency of the panel;

light permeable film pressing the panel by interposing the

light diffusion medium; and

lamp irradiating the substrate having translucency with

light via the light permeable film and the light diffusion

medium.

[Claim 11] The apparatus according to Claim 10, wherein

the light diffusion medium is not provided on the substrate

having translucency of the panel, a light diffusion film is

used instead of the light permeable film.

[Claim 12] An apparatus for producing liquid crystal

display element comprising:

a pair of thermostats each of which has an absorption part

absorbing and fixing the substrate in the opposite surface

treated with light diffusion process, and at least one of

which is capable of moving up and down;

circulating pump connected to the thermostat, and holding

the temperature of the substrate at a fixed level by

circulating the fluid in the thermostat;
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nozzle dropping the composition of a liquid crystal

material and a photopolymerizable resin material on the

substrate absorbed to the downstream thermostat;

lamp provided in the outer surface of the thermostat;

position adjustiong means provided in the outer surface of

the thermostat and adjusting the superposing position of a

pair of substrates.

[Detailed Description of the Invention]

[0001]

[Technical Field of the Invention]

The present invention relates to a method and an

apparatus for producing liquid crystal display element which

can be widely used in a display, a optical shutter, a

projection TV, and so on.

[0002]

[Description of the Related Art]

A high polymer dispersion type liquid crystal display

element using high polymer and a liquid crystal is pointed

out because it does not require alignment process and a

polarizer, and therefore it is possible to enhance the

brightness of the display. Generally, the high polymer

dispersion type liquid crystal display element is formed by

interposing liquid crystal high polymer complex where liquid

crystal is diffused and hold in the matrix comprised of high
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polymer material composition between the substrates having a

pair of electrodes. The refraction index in the state of

natural light almost equals to the refraction index of a

high polymer matrix.

[0003]

That is, the liquid crystal is aligned in practically

parallel with the interface in the around of the interface

with the high polymer matrix when no voltage is applied. If

the light is entered at right angle in this state, the light

is dispersed at the interface because the refraction index

of the high polymer matrix is different from those of the

liquid crystal. When a voltage is applied between the

substrates, the liquid molecular of nematic liquid crystal

having positive dielectric anisotropy is aligned

perpendicularly with respect to the surface of the electrode,

and the refraction index of the high polymer matrix for the

incident light almost equals to the refraction index of the

liquid crystal for the natural light. Thereby, the incident

light is not dispersed, but transmitted. It is possible to

apply this characteristic into light shutter.

[0004]

In the conventional method for manufacturing liquid

crystal element, one injection port is provided in the

substrates, having electrodes a pair of surfaces of which is

faced with holding the gap between the substrates through
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the spacers. Sealing material comprising the spacer is

formed around the substrate, the substrates are pressed, the

thickness is hold uniformly, and the sealing material is

hardened. Liquid crystal material is injected into the gap

of the empty sell comprised of a pair of the glass

substrates obtained by the above method. Examples of the

methods of injecting liquid crystal material are as follows.

[0005]

One example is a method called a vacuum injection

method. In this method, the empty cell is sufficiently

decompressed by a vacuum pump in the vacuum chamber, and the

injection port is immersed into the liquid crystal material.

Then, the pressure of the vacuum chamber is returned to the

atmospheric pressure, the difference in pressure make the

cell be filled with the liquid crystal material. Another

example is a method using a capillary phenomenon. In this

method, the discharge port is provided in the opposite side

of the injection port when make the empty cell. And then the

side of the injection port is immersed into the liquid

crystal material, the empty cell is filled with the liquid

crystal material using the capillary phenomenon, and then

the injection port and the discharge port are sealed with

resin.

[0006]

[Problems to be Solved by the Invention]
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However, there exist some problems in the conventional

method. In the vacuum injection method, when the empty cell

is highly decompressed, the composition is also exposed in

the decompressing condition and the monomer is volatilized

because the monomer used in the manufacture of the high

polymer dispersion type liquid crystal display element is

volatile. Thereby it is difficult to manufacture the liquid

crystal display element.

[0007]

In the method using a capillary phenomenon, unequalness

occurs easily due to the influence of the shape or wetness

of the substrates, air bubbles occurs .due to circulation

insertion, it is difficult to inject the liquid crystal

material to the entire display part so as to perform good

reproducibility, and it takes time to injection. Thereby, it

is the object of the present invention to provide a method

and an apparatus for producing liquid crystal display

element which make it possible to rapidly produce a high

polymer dispersion type liquid crystal display element

without the occurrence of unequalness and air bubbles and to

produce with good reproducibility.

[0008]

[Means for Solving the Problems]

The method of producing liquid crystal display element

in accordance with Claim 1 comprises: fixing and arranging a
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spacer on at least one opposite surface of a pair of

substrates at least one of which has translucency ; dropping

composition of a liquid crystal material and a

photopolymerizable resin material on said one of a pair of

substrates ; superposing a pair of substrates without

sealing part; irradiating the substrate having translucency

with light in the state of pressing the substrates in such a

manner the composition is diffused over the entire part

between a pair of the substrates to thereby cause the phase

separation of the liquid crystals and resin of the

composition.

[0009]

According to the method of producing liquid crystal

display element in accordance with Claim 1, the liquid

crystal display element is obtained by dropping composition

of a- liquid crystal material and a photopolymerizable resin

material on one of a pair of substrates at least one of

which has translucency, superposing a pair of substrates

without sealing part, and irradiating the substrate having

translucency with light. Thereby it is possible to produce

the liquid crystal display element under the atmospheric

pressure or regardless of the shape or wetness of the

substrates. Also, because sealing portion is not needed, it

is possible to make manufacturing process simple.

[0010]
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The method of producing liquid crystal display element in

accordance with Claim 2 comprises: applying sealing material

on a pair of substrates in the state of providing at least

either thereof with a discharge port; fixing and arranging a

spacer on at least one opposite surface of a pair of

substrates at least one of which has translucency ; dropping

composition of a liquid crystal material and a

photopolymerizable resin material on said one of a pair of

substrates ; superposing a pair of substrates; irradiating

the substrate having translucency with light in the state of

pressing the substrates in such a manner the composition is

diffused over the entire part between a pair of the

substrates to thereby cause the phase separation of the

liquid crystals and resin of the composition.

[0011]

The method of producing liquid crystal display element in

accordance with Claim 3 is characterized in that in the

method according to Claim 2, the sealing material is

composed of photopolymerizable resin material. The method of

producing liquid crystal display element in accordance with

Claim 4 is characterized in that in the method according to

Claim 2 or 3, sealing material is applied in the state of

providing the peripheral part of the opposite surfaces of a

pair of substrates, the composition is dropped on one side

of a pair of substrates which is an opposite side of the
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discharge port and provided with sealing material.

[0012]

The method of producing liquid crystal display element in

accordance with Claim 5 is characterized in that in the

method according to Claim 2, or 3, sealing material is

applied on each peripheral part of the opposite surfaces of

a pair of rectangular substrates, the discharge port is

provided on the sealing material of each peripheral part,

and the composition is dropped on the almost center of one

side of a pair of the substrates. According to the methods

of producing liquid crystal display element in accordance

with Claims 2-5, the liquid crystal display element is

obtained by dropping composition of a liquid crystal

material and a photopolymerizable resin material on one of a

pair of substrates at least one of which has translucency,

superposing a pair of substrates without sealing part, and

irradiating the substrate having translucency with light.

Thereby it is possible to produce the liquid crystal display

element under the atmospheric pressure or regardless of the

shape or wetness of the substrates. Also, because sealing

portion is not needed, it is possible to make manufacturing

process simple.

[0013]

According to the method of producing liquid crystal

display element in accordance with Claim 3, the sealing



H09-073075.doc - 13 -

material is also harden when hardening the composition by

light radiation because sealing material is comprised of

photopolymerizable resin material. Thereby it is possible to

reduce the number of processes.. The method of producing

liquid crystal display element in accordance with Claim 6 is

characterized in that in the method according to Claim 2, 3,

4, or 5, the sealing material is two-fold.

[0014]

According to the method of producing liquid crystal

display element in accordance with Claim 6, the position

deviation of the substrates is minimized by making the

sealing material two-fold. The method of producing liquid

crystal display element in accordance with Claim 7

comprises: fixing and arranging a spacer on at least one

opposite surface of a pair of substrates at least one of

which has translucency; dropping composition of a liquid

crystal material and a photopolymerizable resin material on

said one of a pair of substrates ; superposing a pair of

substrates with adjusting the position of a pair of the

substrates by position adjusting means; irradiating the

substrate having translucency with light in the state of

pressing the substrates in such a manner the composition is

diffused over the entire part between a pair of the

substrates to thereby cause the phase separation of the

liquid crystals and resin of the composition.
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[0015]

According to the method of producing liquid crystal

display element in accordance with Claim 7, the liquid

crystal display element is obtained by dropping composition

of a liquid crystal material and a photopolymerizable resin

material on one of a pair of substrates at least one of

which has translucency, superposing a pair of substrates

with adjusting the positions of a pair of substrates by the

position adjusting means, and irradiating the substrate

having translucency with light. Thereby it is possible to

produce the liquid crystal display element under the

atmospheric pressure or regardless of the shape or wetness

of the substrates.

[0016]

The method of producing liquid crystal display element in

accordance with Claim 8 is characterized in that in the

method according to Claim 1, 2, 3, 4, 5, 6, or 7, the

substrates are heated and are cooled down to its original

temperature, and. then light irradiation is performed when

pressing the substrates. According to the method of

producing liquid crystal display element in accordance with

Claim 8, it is possible to eliminate air bubbles by heating

when pressing a pair of substrates. Thereby, the liquid

crystal display element without air bubbles can be obtained.

[0017]
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The method of producing liquid crystal display element

in accordance with Claim 9 is characterized in that in the

method according to Claim 1, 2, 3, 4, 5, 6, 7 or 8, the

light having the wavelength larger than lOOOnm and the light

having the wavelength smaller than 300nm among the light

irradiating the substrates are 1% or below in the intensity.

According to the method of producing liquid crystal display

element in accordance with Claim 9, it is possible to

produce the liquid crystal display element under the

atmospheric pressure or regardless of the shape or wetness

of the substrates by irradiating the substrates with light

mentioned above.

[0018]

The apparatus for producing liquid crystal display element

in accordance with Claim 10, wherein the liquid crystal

display element is obtained by irradiating with light the

substrate having translucency of a panel which is made by

applying sealing material on a pair of substrates in the

state of providing at least either thereof with a discharge

port, fixing and arranging a spacer on at least one opposite

surface of a pair of substrates at least one of which has

translucency, dropping composition of a liquid crystal

material and a photopolymerizable resin material on said one

of a pair of substrates, and superposing a pair of

substrates, comprising: panel fixing die for fixing the
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panel by interposing buffing material; light diffusion

medium provided on the substrate having translucency of the

panel; light permeable film pressing the panel by

interposing the light diffusion medium; and lamp irradiating

the substrate having translucency with light via the light

permeable film and the light diffusion medium.

[0019]

The apparatus for producing liquid crystal display element

in accordance with Claim 11 is characterized in that in the

apparatus according to Claim 10, the light diffusion medium

is not provided on the substrate having translucency of the

panel, a light diffusion film is used instead of the light

permeable film. According to the methods of producing liquid

crystal display element in accordance with Claim 10, 11, the

liquid crystal display element is obtained by dropping

composition of a liquid crystal material and a

photopolymerizable resin material on one of a pair of

substrates at least one of which has translucency, applying

sealing material and superposing a pair of substrates, and

irradiating the substrate having translucency with light*

Thereby it is possible to produce the liquid crystal display

element under the atmospheric pressure or regardless of the

shape or wetness of the substrates.

[0020]

The apparatus for producing liquid crystal display element
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in accordance with Claim 12 comprises: a pair of thermostats

each of which has an absorption part absorbing and fixing

the substrate in the opposite surface treated with light

diffusion process, and at least one of which is capable of

moving up and down; circulating pump connected to the

thermostat, and holding the temperature of the substrate at

a fixed level by circulating the fluid in the thermostat;

nozzle dropping the composition of a liquid crystal material

and a photopolymerizable resin material on the substrate

absorbed to the downstream thermostat; lamp provided in the

outer surface of the thermostat; position adjustiong means

provided in the outer surface of the thermostat and

adjusting the superposing position of a pair of substrates.

[0021]

According to the apparatus for producing liquid crystal

display element in accordance with Claim 12, the liquid

crystal display element is obtained by dropping composition

on the substrate absorbed on the downstream thermostat of a

pair of substrates, superposing a pair of substrates with

adjusting the superposing position by moving the thermostat

by the position adjusting mean, and irradiating the

substrate. Thereby it is possible to produce the liquid

crystal display element under the atmospheric pressure or

regardless of the shape or wetness of the substrates.

[0022]
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[Embodiments]

<First embodiments

The first embodiment in accordance with present

invention is explained with reference to the Figs. 1 to 3

.

Fig. 1 is a cross-sectional view of a liquid crystal display

element under manufacturing process. In Fig.l, reference

numeral numbers 1, 2 is a pair of substrates, and the

substrate 2 is at least composed of transparent materials.

Transparent electrodes 3, 4 are formed on the opposite faces

of the two substrates 1, 2. And, insulating layers 5, 6 are

formed on the transparent electrodes 3, 4.

[0023]

Sealing material is applied around the opposite face of

the substrate 2. Also, a spacer 9 is fixed and arranged on

the opposite surface of the substrate 1. Composition 10 of a

liquid crystal material and a photopolymerizable resin

material is dropped on the substrate 1 in the opposite side

of the discharge port 11. And a pair of the substrates 1 and

2 is superposed in the opposite side of the discharge port

11.

[0024]

The panel P constructed as above is combined with the

liquid crystal display element shown in Figs. 2 and 3, and

is irradiated with light. In the Figs., the reference

numeral 20 indicates panel fixing jig for fixing the panel P,
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the reference numeral 21 indicates lamp, the reference

numeral 22 indicates a plate provided between the panel

fixing jig 20 and the lamp 21, and the reference numeral 23

indicates a transparent film sheet 23. The substrates 1, 2

are interposed between the panel fixing jig 20 and the

transparent film sheet 23 so as to generate a predetermined

gap, and are pressed.

[0025]

The panel fixing jig 20 is provided with a buffing

material 24, the buffing material 24 is provided with a

panel P, and light diffusion medium 25 is formed on the

substrate 2 of the panel P. Also, an opening 28 for

transmitting light of the lamp 21 to the panel P are formed

on the plate 22, and a thermic ray absorption filter 26 and

a ultraviolet rays cutting filter 27 are formed on the

opening 28.

[0026]

The light of the lamp 21, infrared rays of which are

cut by the thermic ray absorption filter 26, ultraviolet

rays of which are cut by the ultraviolet rays cutting filter

27, is radiated to the panel P through the permeable film

sheet 23 and light diffusion medium 25. Then, the pressing

is released, the excess composition discharged from the

discharge port 11 is removed and the discharge port 11 is

sealed with ultraviolet setting resin, and so on. Then, the
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liquid crystal display element is obtained.

[0027]

According to the method and the apparatus for producing

the liquid crystal display element as mentioned above,

.composition 10 is dropped on the substrate 1, the liquid

crystal display element is obtained by dropping composition

on the substrate 1, applying sealing material 7, 8 and

superposing a pair of substrates, irradiating the substrate

with light, and removing the excess composition. Thereby it

is possible to produce the liquid crystal display element

under the atmospheric pressure or regardless of the shape or

wetness of the substrates. Also, The liquid crystal display

element is obtained without occurrence of air bubbles after

releasing the pressing.

[0028]

<Second embodiment>

The second embodiment in accordance with present

invention is explained with reference to the Fig. 4. Fig. 4

is a cross-sectional view of a liquid crystal display

element under manufacturing process. In Fig. 4, the reference

numerals 41, 42 indicates a pair. of substrates formed in

rectangular, and the substrate 42 is at least composed of

transparent materials. Transparent electrodes 43, 44 are

formed on the opposite faces of the two substrates 41, 42.

And, insulating layers 45, 4 6 are formed on the transparent
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electrodes 43, 44. Sealing materials 39, 40 are applied

around the opposite face of each of the substrates 41, 42.

Also, a spacer 47 is fixed and arranged on the opposite

surface of the substrate 41. Composition 48 of a liquid

crystal material and a photopolymerizable resin material is

dropped on almost center of the substrate 41, and a pair of

the substrates 41 and 42 is superposed on each other.

[0029]

The liquid crystal display element is obtained by

combining the panel P' constructed as above with the liquid

crystal display element shown in Figs. 2 and 3, and by

irradiating with light. The same effect as the first

embodiment is obtained in the method and the apparatus for

producing the liquid crystal display element. Also, it is

possible to superposing the glass substrates 41, 42 without

applying sealing material. In this case, a predetermined gap

is formed between the glass substrates 41, 42 because the

spacer 47 is fixed and arranged. The composition 48 is

hardened by light irradiation, and the excess composition

discharged by pressing is removed. Then, the liquid crystal

display element is obtained. It is desirable that the

dropping position of the composition 45 is around the center

of the glass substrate 41, and the shape of the glass

substrates 41, 42 is not limited to the rectangular.

[0030]
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<Third embodiments

The third embodiment in accordance with present

invention is explained with reference to the Fig. 5. In

Fig. 5, the reference numerals 51, 52 indicate thermostats

which are capable of moving up and down, and are arranged up

and down. Absorption parts 52, 53 interconnected to the

vacuum pump in the part corresponding the 4 corner parts of

the substrate so as to perform vacuum absorption of the

substrates 60, 61 is formed in the thermostats 50, 51. The

surface contact with the substrates 60, 61 is treated

through light diffusion process. It has the function to

control the temperatures of the substrate 60, 61 by

circulating the fluid with repeating blowing and discharging

the fluid from the outside using the circulation pump. Both

the substrates 61, 62 are absorbed to the thermostat 50, 51,

and the thermostats 50, 51 are controlled so as to hold a

predetermined temperature of the substrates 60, 61. Also,

each of the substrates 60, 61 has translucency, transparent

electrodes are formed in the opposite surfaces, and a spacer

is fixed and arranged in one of the opposite surfaces.

[0031]

And, the composition is dropped on the substrate 60

from the dropping nozzle 54 excessively, the thermostat 51

is moved down with adjusting the position by the position

adjusting means 55, the substrates 60, 61 are superposed
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precisely, and pressing is performed so as to generate a

predetermined gap between the substrates 60, 61. In this

state, the light of the lamp 57, 58 treated through the same

process as the embodiment 1 up and down is radiated. Then,

the absorption of the substrates 60, 61 is released, the

thermostat 51 is made to move up, and take out the liquid

crystal display element.

[0032]

According to the method and the apparatus for producing

the liquid crystal display element as mentioned above, the

liquid crystal display element is obtained by dropping the

composition on the substrate 60 from the dropping nozzle 54,

moving down the thermostat 51, superposing the substrates 60,

61, and irradiating with light. Thereby it is possible to

produce the liquid crystal display element under the

atmospheric pressure or regardless of the shape or wetness

of the substrates. Also, it is possible to produce the

uniform high polymer dispersion type liquid crystal display

element rapidly without the occurrence of unequalness and

air bubble generated by blowing. Also, it is possible to

obtain the liquid crystal display element with uniform

thickness without air bubble after releasing the pressing.

[0033]

[Example]

Examples of the present invention are explained. The
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evaluation of the characteristic of the examples is

performed as follows. The electrooptical property for

performance of the optical modulation in the direction

perpendicular to the obtained liquid crystal display element

is measured using LCD-5000 (OTSUKA ELECTONICS CO., LTD)

under the condition that the frequency is 30 Hz, the light

receiving angle is 2.8°, and the temperature is 30°C.

[0034]

T 0 (%) is the light transmittance in the state of

maximizing the light shielding when no voltage is applied,

Tmax(%) is the light transmittance in the state of the

maximum value according to the transition of the voltage.

T 0 is set to 0% and Traax is set to 100%. ViotV^) is the

applied voltage of 30 Hz alternating signal when the light

transmittance equals to 10%. V^V^s) is the applied voltage

when the light transmittance is 90%. And CR (contrast) =

max/T 0 and V 907Vi0 .

[0035]

Also, the evaluation of the voltage holding

characteristic (voltage holding rate) HR is performed by

applying the pulse of V0=5V, 60 JXS periodically with a period

of 30Hz between the upper and lower electrodes of the panel,

but not applying between pulses, and monitoring the voltage

between the electrodes. The voltage between the electrodes

of the panel is varied as time, the voltage holding rate HR
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is the ratio of area when there is no voltage variation :

area for the waveform of the voltage between the electrodes.

The temperature was 60°C.

[0036]

<Example 1>

This example corresponding to the first embodiment is

explained with reference to Figs. 1 to 3 . The transparent

electrodes comprised of ITO (Indium Tin Oxide) are formed on

each opposite surface of the glass substrates which are

substrates 1, 2 in a desired pattern. The insulating film 5,

6 is formed by applying the AL5417 resin, heating for 1

minute at 80°C, and then leaving alone for 30 minutes at

190°C.

[0037]

Sealing materials 7, 8 are applied around the glass

substrate 2 by forming the discharge port 11. The sealing

materials 7 , 8 are made of 98wt% of epoxy ester 3002M

(KYOEISHE CHEMICAL Co., LTD) and 2wt% of 1173 (DaroKyua)

which has the coefficient of viscosity of 30000 cps at 20°C,

and comprises about 0.3wt% spacer of 10 p ball, B-10|J .

[0038]

The spacer 9 is fixed and arranged on the glass

substrate 1. Ball AB-4-10 \i is scattered, leaved alone for 2

hours at 140°C, and fixed to form spacer 9. Therefore,

running down of the spacer 9 is prevented by the dropped
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composition. The composition 10 more than the required

amount is dropped on the opposite side of the discharge port

of the glass substrate having the spacer 9. The composition

is mixture of the liquid crystal material and the

photopolymerable resin material. TL213 Cn-I point=87 . 7°C,

ne=l-766, no=l-527 ) (Merck • Japan) 77.08wt% is used as the

liquid crystal material. The photopolymerable resin material

is comprised of 2-ethyl hexyl acrylate 21.5wt% as monomer

material, Biscot #3700 (Osaka Organic Chemical Industy LTD.)

1.30wt% as oligomer material, Darokyua 1173 (Merck) 0.07wt%

as optical setting material, Lucirin TPO (BASF) 0.05wt%.

[0039]

The panel P where the glass substrates 1, 2 are

superposed so that the transparent electrodes 3, 4 are faced

each other is fixed to the panel fixing jig of the apparatus

for producing the liquid crystal display element shown in

Figs. 2, 3, via the buffing material 24. The light diffusion

material 25 comprised of opal type diffusion plate DF0-150s-

1 (SIGMA KOKI CO., LTD) is superposed on the glass substrate

2 of the light radiation side of the panel by interposing

the ethylene glycol. Also, the panel mounting surface is

interposed between the panel fixing jig 20 holding the

temperature of 2 5°C and the transparent film sheet 23, and

is pressed.

[0040]
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The panel P is leaved alone for 30 seconds in the state

that a predetermined gag is generated between the glass

substrates 1, 2. Then, the glass substrate 2 is irradiated

with light using the ultra high pressure mercury lamp CHM-

3000 21 in the state of being pressed. Glass thermic ray

absorption filter HAF-50S-30H is mounted between the lamp 21

and the panel P. The transmittance of infrared rays is made

about 0%. Glass ultraviolet rays cutting filter UV-35

(Toshiba) is mounted between the glass thermic ray

absorption filter and the panel P to prevent light having

the wavelength smaller than nm from being transmitted. Then,

the panel P is irradiated for 3 minutes with light having

the intensity of ultraviolet ray of 13mW/ cm2 around the

wavelength of 360nm.

[0041]

Then, the pressing is released, the excess composition

material discharged from the discharge port 11 of the panel

P is washed, and the discharge port 11 is sealed with

ultraviolet setting resin. The evaluation of the

characteristics of the liquid crystal display element

obtained as above is shown in the field of example 1 of the

table 1. According to this example, it is possible to obtain

the liquid crystal display element of uniform and high

quality by preventing non-uniformness of the gap between the

glass substrates 1, 2 and air bubbles. Also, the sealing
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material 7, 8 are also hardened when hardening the

composition by light radiation because sealing material is

comprised of photopolymerizable resin material. Thereby it

is possible to reduce the number of processes. Referring to

the table 1, the holding rate HR is 96.8%.

[0042]

The intensity of the ultraviolet ray is not limited to

the intensity shown in the examples. When the intensity of

the ultraviolet ray is 3mW/cnf - 160mW/Cfn*, the characteristics

same as the present invention is obtained. It is desirable

that the light having the wavelength of lOOOnm or above and

the wavelength of 300nm or below is 1% or below among the

light radiated to the glass substrate 2. Also, the thickness

of the cell of the element is not limited to the 10 p. The

temperature of the substrate is not limited to 25°C. When

the temperature of the substrate is not controlled at a

predetermined temperature, it is not easy to produce the

same element because the reproducibility is bad.

[0043]

<Comparative example 1>

A comparative example relative to the example 1 is

shown. The liquid crystal display element is obtained by

using the glass substrates 1, 2 of the example 1 which has

no insulating film 5, 6. The evaluation of the

characteristics of the liquid crystal display element
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obtained as above is shown in the field of the comparative

example 1 of the table 1. Referring to the table 1, the

holding rate HR is 86.8%.

[0044]

<Comparative example 2>

Another comparative example relative to the example 1

is shown. The liquid crystal display element is obtained by

performing light radiation without the ultraviolet ray

cutting filter 27. The evaluation of the characteristics of

the liquid crystal display element obtained as above is

shown in the field of the comparative example 2 of the table

1. The electrooptical property has rolling slope, the

holding rate HR is 92.7%.

[0045]

<Example 2>

This example corresponds to the first embodiment. XN-

21-S (Mitsui Chemical) which is thermosetting resin is used

as sealing materials 7, 8 in this example. Similarly to the

example 1, insulating film 5, 6 are formed in the glass

substrate 1, 2. Then, XN-21-S including ball B-IO.Ojj which

is about 0.3wt% spacer is applied around the glass

substrates 2 so as to form the composition discharge port.

The applied substrate 2 is heated for 20 minutes at 90°C.

The substrate 1 on which a spacer 9 fixed is prepared until

the end of heating in the same manner of example 1. The



H09-073075.doc - 30 -

processes after this are same as example 1. After light

radiation, the display element is leaved alone in the

thermostat for 2 hours at 150°C. The evaluation of the

characteristics of the liquid crystal display element

obtained as above is shown in the field of the example 2 of

the table 1. Referring to the table 1, the holding rate HR

is 96.4%.

[0046]

Example 1
Comparative
Example 1

Comparative
Example 2

Example 2

T 0 (%) 0.09 0.11 0.09 0.10
Tmax(%) 81.8 81.4 80.9 81.6
Vio(V) 4.2 4.0 3.8 4.2
V90 (V) 5.8 5.5 5.7 5.9
CR 909 740 1.98899 816
v90/v10 1.36 1.98 1.50 1.40
HR 96.8 86.6 92.7 96.4

[0047]

<Example 3>

This example corresponds to the second embodiment. As

shown in Fig. 4, each glass substrate is rectangular, and

the sealing material 39, 40 applied around the opposite

surfaces of the glass substrates 41, 42 are also rectangular.

The composition discharge ports 37, 38 are formed at center

portion of the sealing material 39, 40 of each side. Also,

the composition discharge ports (not shown) are shown in the

4 corner portions of the glass substrates 41, 42. The

composition 48 is dropped on the center portion of the glass
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substrate 41. The others are same as example 1. The

evaluation of the characteristics of the liquid crystal

display element obtained as above is shown in the field of

the example 3 of the table 2

.

[0048]

According to this example, occurrence of the air

bubbles is prevented more effectively than example 1,

thereby more reproducible liquid crystal display element can

be obtained, and yield is enhanced. Referring to the table 2,

the holding rate HR is 97.0%.

<Example 4>

This example corresponds to the second embodiment.

[0049]

In this example, sealing material is also formed on

inner side of 1mm relative to the portion where sealing

material of each side is formed in the example 3, and the

sealing material is two-fold. The others are same as example

3. The evaluation of the characteristics of the liquid

crystal display element obtained as above is shown in the

field of the example 4 of the table 2. According to this

example, position deviation generated when superposing the

glass substrates 41, 42 is prevented, thereby it is possible

to obtain the liquid crystal display element with good

reproducibility. Referring to the table 2, the holding rate

HR is 95.9%. The sealing material of two-fold structure can
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be applied to the example 1.

[0050]

<Fifth example>

The fifth example is another example corresponding to

the second embodiment. Contrary to the third example, a

light diffusion medium is not installed on the substrate on

which light is irradiated and a light diffusion film sheet

is used instead of a light permeable film sheet in the fifth

example. Except for that, a LIQUID CRYSTAL DISPLAY element

according to the fifth example is manufactured by using same

method according to the third example.

[0051]

When setting a panel P' into a device .of manufacturing

a LIQUID CRYSTAL DISPLAY element, according to the fifth

example, implementing a light diffusion medium is eased. In

addition, it is recognized from table 2 that holding rate HR

is excellent since holding rate HR is 95.2%. The fifth

example is applicable to the first example.

<Sixth example>

The sixth example is corresponding to the third

embodiment

.

[0052]

In figure 5, surfaces of the thermostats 50 and 51

coming contact with the substrates 60 and 61 are consist of

quartz, glass and resin and so forth which pass through
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light diffusion process. The sixth example uses a quartz

thermostat. At least, the thermostat 51 is capable of going

up and coming down. Also, water, for example, is used as a

fluid in the thermostats 50 and 51 circulated by a

circulating pump. The substrates 60 and 61 passed by the

insulating film forming process and spacer fixing as

explained in the other examples are absorbed into the

thermostats 50, 51. The thermostats 50 and 51 are controlled

so that temperature of the substrates 60 and 61 is 25°C by

circulation of water. With respect to the substrate 60,

composites same as the above examples are dropped from the

dropping nozzle 54

.

[0053]

A charge coupled device (CCD) or a magnifier is used as

the position adjusting means 55. CCD is used in the sixth

example. As CCD, for example, CCD system made by Matsushita

Electric Industrial Co. can be used. While monitoring piling

position of the substrates 60 and 61 with the TV monitor 56,

the substrates 60 is piled up on the substrate 61 with going

down the thermostat 50. Also, the substrates 60 and 61 are

pressed so that distance between the substrates 60 and 61 is

to be a predetermined value. In such a state, a light

processed same as the first example irradiated from upper

and lower directions through the thermostats 50 and 51.

After irradiating light, absorption of the substrates 60 and
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61 is released and a LIQUID CRYSTAL DISPLAY element is

pulled out by going. up the thermostat 51. Characteristics of

the obtained LIQUID CRYSTAL DISPLAY element are shown in the

fields of the sixth example of Table 2.

[0054]

According to the sixth example, manufacturing processes

are reduced since the LIQUID CRYSTAL DISPLAY element does

not have a sealing part. Also, manufacturing LIQUID CRYSTAL

DISPLAY elements without stains and bubbles is achieved. It

is recognized from Table 2 that holding rate HR is excellent

since holding rate HR is 97.1%.

[0055]

[Table 2]

Example 3 Example 4 Example 5 Example 6

To(%) 0.09 0.09 0.13 0.08

Tmax(%) 81.9 81.7 81.8 80.9

Vio(V) 4.2 4.3 4.2 4.3

V90 (V) 5.8 5.9 5.9. 5.5

CR 910 908 629 1011

V90/V10 1.38 1.87 95.2 1.28

HR 97.0 95.9 95.2 97.1

[0056]

<Seventh example>

Contrary to the sixth example, the seventh example is
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characterized in pressing slowly the piled substrates 60 and

61 with heating in 40°C, lowering temperature to 25°C(initial temperature)

when bubbles are eliminated and irradiating light According to the seventh

example, LIQUID CRYSTAL DISPLAY elements without bubbles are

manufactured. In addition, there are no changes in

characteristics comparing to the sixth example. The seventh

example is applicable to the first and second examples.

[0057]

<Eighth example>

Contrary to the sixth example, in the eighth example,

diffusion of composites is prohibited by making temperature

of the substrates to be 15 °C when dropping composites and

piling up the substrates. From the beginning of pressing the

substrates, temperature is raised up to 2 5°C and maintained.

If 25°C is maintained, light is irradiated. According to the

eighth example, liquid crystal display elements without

bubbles are manufactured.

[0058]

It is not necessary to limit composites to composites

used in each example. Same result can be obtained if

composites below are used.

® composite obtained by mixing 3.0wt% of 2-ethyl hexyl

archrilate (Nakaraitask Co.), 9.0wt% of 2-hydroxy ethyl

archrilate (Nakaraitask Co.) and 2.48wt% of neopentyl glycol

di-archrilate, KAYARAD MANDA (Japan Gunpoeder Co.) as a
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monomer, 5.36wt% of EO denaturalization bisphenol di-

archrilate KAYARAD R-551 (Japan Gunpoeder Co.) as an olygomer,

photopolymerizable material consisting of 0.16wt% of benzyl

di-methyl catal, IRUGAKUA 651 (Japan Tshibakaiki Co.) as a

optical-setting starting material, 80.0wt% of a chlorinic

liquid crystal TL205[N-I point=87°C, n e=1.744,

n0=l . 527 ] (Merk-Japan Co.) as a liquid crystal material.

[0059]

© composite obtained by mixing 17.55wt% of 2-ethyl

hexyl archrilate (Nakaraitask Co.), 0.44wt% of acryl-acid 4-

hydroxy butyl Acryester 4HBA (Mitsubishi rayon Co.), 0.20wt%

of metacryl-acid 2-sacsinoloil oxy ethyl Acryester

SA (Mitsubishi rayon Co.) and l.llwt% of KAYARAD PGDA( Japan

Gunpowder Co.) as a prepolymer, photopolymerizable material

consisting of 0.2wt% of 2-hydroxi-2-methyl-l-phenyl propane-

1-onin darokua(Merk Co.) as a optical-setting starting

material, 80.5wt% of TL205[N-I point=87°C, ne=1.744,

n0=l . 527 ] (Merk-Japan Co.) as a liquid crystal material.

[0060]

(D Same as the composite of @, same prepolymer

component and same component ratio of the prepolymer is used.

However, a liquid crystal material is changed from TL205

into TL213. When the ratio of liquid crystal material is

changed into 77wt%, characteristics are improved.

@ 21.5wt% of 2-ethyl hexyl archrilate (Nakaraitask Co.)
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as a monomer, 1.33wt% of Wiskott #3700 (Osaka orgainc

chemistry Co.) as an olygomer, 0.1wt% of IRUGAKUA 1700 (Japan

Tshibakaiki Co.) as a optical-setting starting material,

TL213 as a liquid crystal material are used. In this case, a

driving voltage can be reduced comparing in the examples

.

[0061]

Not limited to the sealing materials shown in the

examples, same result is obtained when using sealing

materials such as a material with viscosity 20°C and about

100,000 cps which is made by including 2wt% of Darokua

1173 (Merk Co.) into epoxy ester 300A (Kyoeisha Cream

Chemistry Co.), a material with viscosity 20°C and about

140,000 cps which is made by including M-1200 (Dong-A

Synthetic Chemistry Co.) into 2wt% of Darokua (Merk Co.) or

Aronics UV-3033 (Dong-A Synthetic Chemistry Co.) with

viscosity 20°C and about 25,000 cps. However, if sealing

materials with viscosity 20°C and cps less than 20, 000 are

used, reproducibility is reduced since it is ease that

discordance of position of substrates takes place in case of

piling the substrates. From the above, if sealing materials

with viscosity 20°C and cps more than 20, 000 are used, it is

possible that the substrates are putted together on desired

position

.

[0062]

With respect to UV lamps, it is not necessary to limit
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to UV lamps used in each example. If very high pressure

mercury lamp IML-3000 (Oak manufacturing Co.) is used, a

rapid element is obtained as V90 / Vi 0 becomes lower.

Furthermore. If UVL-6000-0 made by Usio electric Co. is used,

same result as that of the examples is obtained. Also, the

peripheral portion of the liquid crystal display element may

be sealed with high polymer resin. The element is masked so

as not to be irradiated with ultraviolet ray, UV resin is

applied around the panel, and thereby the composition is

sealed. For example, Roktait 352A is hardened by the

radiation of 90 seconds and UV (350nm) SSmW/cm2

. As a result,

the elecrooptical characteristic is barely changed, but the

lifetime is extended.

[0063]

According to the method of producing liquid crystal

display element in accordance with Claim 1, the liquid

crystal display element is obtained by dropping composition

of a liquid crystal material and a photopolymerizable resin

material on one of a pair of substrates at least one of

which has translucency, superposing a pair of substrates

without sealing part, and irradiating the substrate having

translucency with light. Thereby it is possible to produce

the liquid crystal display element under the atmospheric

pressure or regardless of the shape or wetness of the

substrates. Also, because sealing portion is not needed, it
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is possible to make manufacturing process simple. Thereby,

it is possible to produce the liquid crystal display element

under the atmospheric pressure or regardless of the shape or

wetness of the substrates. Also, the liquid crystal display

element is obtained without occurrence of air bubbles after

releasing the pressing. Also, because sealing portion is not

needed, it is possible to make manufacturing process simple.

[0064]

According to the methods of producing liquid crystal

display element in accordance with Claims 2-5, the liquid

crystal display element is obtained by dropping composition

of a liquid crystal material and a photopolymerizable resin

material on one of a pair of substrates at least one of

which has translucency, superposing a pair of substrates

without sealing part, and irradiating the substrate having

translucency with light. Thereby it is possible to produce

the liquid crystal display element under the atmospheric

pressure or regardless of the shape or wetness of the

substrates. Thereby, it is possible to produce the liquid

crystal display element under the atmospheric pressure or

regardless of the shape or wetness of the substrates. Also,

the liquid crystal display element is obtained without

occurrence of air bubbles after releasing the pressing.

[0065]

According to the method of producing liquid crystal
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display element in accordance with Claim 3, the sealing

material is also harden when hardening the composition by

light radiation because sealing material is comprised of

photopolymerizable resin material. Thereby it is possible to

reduce the number of processes. According to the method of

producing liquid crystal display element in accordance with

Claim 6, the position deviation of the substrates is

minimized by making the sealing material two-fold.

[0066]

According to the method of producing liquid crystal

display element in accordance with Claim 7, the liquid

crystal display element is obtained by dropping composition

of a liquid crystal material and a photopolymerizable resin

material on one of a pair of substrates at least one of

which has translucency, superposing a pair of substrates

with adjusting the positions of a pair of substrates by the

position adjusting means, and irradiating the substrate

having translucency with light. Thereby it is possible to

produce the liquid crystal display element under the

atmospheric pressure or regardless of the shape or wetness

of the substrates. Thereby, it is possible to produce the

liquid crystal display element under the atmospheric

pressure or regardless of the shape or wetness of the

substrates. Also, the liquid crystal display element is

obtained without occurrence of air bubbles after releasing
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the pressing.

[0067]

According to the method of producing liquid crystal

display element in accordance with Claim 8, it is possible

to eliminate air bubbles by heating when pressing a pair of

substrates. Thereby, the liquid crystal display element

without air bubbles can be obtained. According to the method

of producing liquid crystal display element in accordance

with Claim 9, it is possible to produce the liquid crystal

display element under the atmospheric pressure or regardless

of the shape or wetness of the substrates by irradiating the

substrates with light mentioned above. Thereby, it is

possible to produce the liquid crystal display element under

the atmospheric pressure or regardless of the shape or

wetness of the substrates.

[0068]

According to the methods of producing liquid crystal

display element in accordance with Claim 10, 11, the liquid

crystal display element is obtained by dropping composition

of a liquid crystal material and a photopolymerizable resin

material on one of a pair of substrates at least one of

which has translucency , applying sealing material and

superposing a pair of substrates, and irradiating the

substrate having translucency with light. Thereby it is

possible to produce the liquid crystal display element under
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the atmospheric pressure or regardless of the shape or

wetness of the substrates. Thereby, it is possible to

produce the liquid crystal display element under the

atmospheric pressure or regardless of the shape or wetness

of the substrates. Also, the liquid crystal display element

is obtained without occurrence of air bubbles after

releasing the pressing.

[0069]

According to the apparatus for producing liquid crystal

display element in accordance with Claim 12, the liquid

crystal display element is obtained by dropping composition

on the substrate absorbed on the downstream thermostat of a

pair of substrates, superposing a pair of substrates with

adjusting the superposing position by moving the thermostat

by the position adjusting mean, and irradiating the

substrate. Thereby it is possible to produce the liquid

crystal display element under the atmospheric pressure or

regardless of the shape or wetness of the substrates.

Thereby, it is possible to produce the liquid crystal

display element under the atmospheric pressure or regardless

of the shape or wetness of the substrates. Also, the liquid

crystal display element is obtained without occurrence of

air bubbles after releasing the pressing.

[0070]

As a result, when using the liquid crystal display
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element as a display element, it is possible to obtain high

performance of display by driving the active matrix through

the combination with TFT. Also, it is possible to produce a

projection type display with high quality.

[Brief Description of the Drawings]

[Fig. 1]

Fig. 1 is a cross-sectional view of a process for

producing a liquid crystal display element according to the

first embodiment of the present invention.

[Fig. 2]

Fig. 2 is a perspective view of an apparatus for

producing a liquid crystal display element according to the

first embodiment of the present invention.

[Fig. 3]

Fig. 3 is an extended partial perspective view of an

apparatus for producing a liquid crystal display element

according to the first embodiment of the present invention.

[Fig. 4]

Fig. 4 is a cross-sectional view of a process for

producing a liquid crystal display element according to the

second embodiment of the present invention.

[Fig. 5]

Fig. 5 is a perspective view of an apparatus for

producing a liquid crystal display element according to the

third embodiment of the present invention.
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[Fig. 6]

Fig. 6 is a view showing the measured waveform of the

voltage holding rate for evaluating characteristics of the

liquid crystal display element.

[Reference Numerals]

I, 2, 41, 42, 60, 61: substrate

7, 8, 39, 40: sealing material

10, 48: composition

II, 37, 38: discharge port

P, P' : panel

20

21

23

24

25

50

54

55

panel fixing jig

57, 58: lamp

optical transparent film sheet

buffing material

light diffusion medium

51: thermostat

nozzle

CCD (position adjusting mean)
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